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- ABSTRACT

The author presented a briefing on flammability predic-
tion techniques to the Apollo Program Office on December 5, and on
December 7 it was given again by T. L. Powers to Dr. Seamans.

The requirements for flammability prediction were felt
to be theoretical and design theories, a body of empirical know-
ledge, and reliable, efficient means of design verification. The
Apollo Program combustion investigations, although specifically
directed toward suppressing flame spread in the Apollo spacecraft
cabin, have produced results which promise to be more generally
applicable. The full-scale tests to verify the use of materials
and arrangements used in the Apollo will have application to a
large class of future, technically advanced, vehicles. A large
amount of flammability data generated for nonmetallic materials
in oxygen was assembled and widely distributed in the form of a
computerized listing, denoted COMAT. In general, the standardiza-
tion of test techniques and the test results from Apollo Program
efforts are immediately useful and will contribute to the theory
and technology of flammability prediction.

The briefing was generated in response to the following
action item on flammability predictive techniques from Dr. Seamans
October 13 review:

"Continue to examine the development of predictive
capabilities and techniques in the area of fire hazards
and flammability assessment for manned systems. The
empirical results of current tests should be used not
only to validate LM and CSM safety, but also to gener-
alize the theory and validate the mechanism of fire

- and flame propagation which may extend the capability
of these data or techniques to future manned systems,
including aircraft, submersibles, space systems, etc."

At the conclusion of the December 7 briefing, Dr. Seamans
requested that a summary of the applicability of the Apollo flamma-
bility work to future manned systems, with emphasis on interagency
coordination, be prepared for possible inclusion with the NASA
budget supplementary materials in January. ‘ -
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SUBJECT: The Contribution of Apollo Combustion  DATE: December 11, 1967
Effort to Flammability Prediction
Technique - Case 320 FROM: S. S. Fineblum

MEMORANDUM FOR FILE

The writer presented a briefing to the Apollo Program
Office December 5 morning meeting on the contribution of the Apollo
combustion investigations to flammability prediction techniques
for future vehicles. This subject matter was later presented to
Dr. Seamans by T. L. Powers on December 7.

In order to make reliable predictions on the flammability
of future vehicle designs we need:

a. a general theory of how things burn,
especially diffusion flames;

b. a design theory to relate the general know-
ledge to practical decisions;

c. a data bank for specific numerical support
of expectations and decisions; and

d. reliable, efficient test techniques (first
vu-graph).

Apollo combustion investigations have produced four sig-
nificant accomplishments. Full-scale cabin tests have been per-
formed. A large amount of nonmetallic combustion data has been
produced. The program has developed and documented test techniques
and made some beginning contributions to a combustion theory
(second vu-graph).

The full-scale spacecraft tests had as their purpose
the urgent necessity of establishing the combustion safety prior
to manning of specific spacecraft and they had to be performed
with a minimum of delay and within the limits of available man-
power and facilities. Dominated by the necessity to directly
support the Apollo Program, the tests were performed under specific,
somewhat limited, conditions (third vu-graph).

During these full-scale tests a large quantity of data
on the ignition and propagation characteristics was generated for
practical materials, shapes, and assemblies. Test techniques for
full-scale testing are being refined and improved. In addition,
the tests confirmed LM cabin combustion resistance and the general
basis for recent design decisions (fourth vu-graph).
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A central effort of the program has been the accumula-
tion of combustion data on nomnmetallic materials. As a result of
this effort there is now 1in COMAT ("Characteristics of Materials
Test Data Listing") the largest colleéction of data (abolf 2,800
entries) on the ignition, flame spread, and some pyrolysis
characteristics of practical materials. This collection totals
more than all other previous oxygen combustion data.

The effects of acceleration fields on combustion of
some select materials have been studied in 1 to 15 g tests at
White Sands Testing Facility and elsewhere, as well as during
limited zero-g tests, which were reported by Kimzey and his
associates.¥* This newly generated data has been widely distri-
buted and will become generally available (fifth vu-graph).

Another result of program efforts will be a handbook,
"Nonmetallic Materials for Spacecraft," which is being publlshed
under the direction of the Rellablllty and Quality Assurance
Directorate at MSC. This handbook will summarize the findings
of the program and the latest technical literature in a form for
the greatest general usefulness. It will be complete next
September (sixth vu-graph).

The extensive test work stimulated the development and
standardization of test techniques, (see "Procedures and Require-
ments for the Evaluation of Spacecraft Nonmetallic Materials,"
MSC-A-66-3). The sample test methods have been revised by JOlnt
effort of the people doing the actual testing. For example, the
problems of measuring flame speed during acceleration tests have
encouraged improvement on the instrumentation and operation of
such tests. PFull-scale combustion experience has contributed to
techniques which will be applicable to other vehicle systems be-
cause the size and the shape and the materials and the general
configuration are going to be at least similar. During a recent
Combustion Institute conference¥* it was the unanimous concensus .
that full-scale techniques are, at present, the best way of getting
dependable, practical, combustion information (seventh vu-graph).

The program effort includes an attempt to integrate pre-
sent knowledge into a general combustion theory. The work at
Atlantic Research has produced progress, both by experiment and
analysis, toward understanding what influences flame spread and

¥NASA Technical Report, NASA TR R-246, prepared by Manned
Spacecraft Center

¥¥pPirst Meeting of Eastern Section of the Combustion Institute
at Mellon Institute, Pittsburgh, November 27-28, 1967
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flame height and the effect of acceleration on combustion. His-
tory has shown that whenever a large body of logically ordered
knowledge has been accumulated the result has been a stimulus to
the theoreticians to explain and to integrate this newly acquired
experimental knowledge. There 1s every reason to believe that
this new accumulation of data points will similarly stimulate

the advance of combustion theory (eighth vu-graph). :

There remains, however, a distinct need for additional
effort and the limitations of the program's contributions to
flammability prediction techniques are quite obvious. First, the
nonmetallic materials tested were primarily limited to Apollo
materials. Only a pure oxygen atmosphere, and only nominal
pressures (5.0, 6.2 and 16.5 psi) were used during the tests.
Very little high-g data and less zero-g data were generated.
Toxicity and pyrolysis measurements have been handicapped by rela-
tively insensitive sensing techniques. The overall and gross
deficiency of the available combustion theory, characteristic of
not only this program but of available technology generally, has
not yet been apprecilably repaired by the limited efforts in this
direction (ninth vu-graph).

2031-SSF-sam S. S. Fineblum

Attachments
Vu-graphs
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